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© A process for the production of mono-olefins by the catalytic oxidative dehydrogenation of 
CSI gaseous paraffinic hydrocarbons having two or more carbon atoms. 

CO® A P rocess f° r preparing mono-olefins by catalytic oxidative dehydrogenation of eg ethane, propane or 
CNJ butanes is provided. The process employs a catalyst which is capable of supporting combustion beyond the 
^normal fuel rich limit of flammability. Preferred catalysts are platinum group metals supported on a monolith eg 
fry platinum. 
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The present invention relates in genera, ^^^^^^^^ 
dehydrogena.ion of gaseoue <* etha " e ' pr ° pa " e "* h h 

production of mono-olefins by the catalyfic [^*™*ZZ paraffins to mono-olefins can be broadly d.v.ded 
The prior art on the oxidative convers.on of gaseous paratt atures jcal|y below 500 C, 

, into two groups, depending on the ^^^S^L. This is exempted by US-A-4524236 
oxidative dehydrogenation is general.y a SS^SSxygon mixtures are passed over cata.ysts 

and EP-A-0189282. .n the process of US ^^ (optional.y incorporating a wide 

comorising mixed oxides of molybdenum, va ad,um "'° b '^ nd * {rom 3S0 to 400 C to give 

range of additional metals). Reaction takes p ace ^^^ 75% ethane conversion). These cata.ysts 
h! gh se.ectivities to ethylene (i.e. 70% -lect.v.y to °^e^7S the use of a tin; P hos P horus 

produce only carbon oxides from h.gher paraff, ns.^ EP ^ jn admixture wUh Qxygen . 

oxide catalyst in the product.cn of ™no-otef. ns ^^.^ d P closed , the working embodiment uses a 
Although reaction temperatures .n the range 200 to aju o 

temperature of only 550* C. aratttTes nreater than 500* C. it is unlikely that reaction is 

At higher temperatures, for example empe atures greater t oxid ations are likely to 

entirely heterogeneous. At such tempera ures therm* t Xel g Uiern pM e reaction is US-A- 

assume increasing importance. An example ^^T^^^ heated fluid bed of "fire resistant" 
3541179 which discloses passing a paraffin.c gas through ar ^xtem y se or vanadiu m. An 

particles containing from 0.5 to 20% wt o at least on ' ^JJ^^SEni is from 650 to 900' C and the 

^ ^ ab ° Ut ° ab ° Ut 0< 

the ^riT n rm^ 

SSS =n-; d y 5l OeUsly in P^o, fifi-r. - (September. 1950). 

217 and GB-A-794,157. omnane or butanes in a single step to mono-olefins. 

A desirable objective would be to convert ethane. P'°P^ e J* ™» hy drocen from gaseous 

Recently, the production of olefins together ™*J^^Z™ or {luid "bed reactors has been 
paraffinic hydrocarbons, including ejhane. by part*, oxjdajo -n ^pou ^ 
disclosed in. for example, our copend.ng ap pl.cat ons EP A JJ mono . olefin fro m a gaseous paraffm.c 

The present invention prov.des a process for the Product o comprise s partially 

hydrocarbon having at ^ ^ 9- in contact with a 

combusting a m.xture of the h y d ^ rbo " ( ^ * _ normal fue , rich limit of flammab.l.ty. 
catalyst capable of supporting combusfion beyond the norma, u ^ Qf a butane 

As the gaseous paraffinic hydrocarbon the e may surtabb be ^ _ ^ gaseous paraffm , c 

or a mixture of two or more thereof. A su.table separation 0 f methane from natural gas. 

hydrocarbons, principally comprising ethane ^^TS^TS^ either oxygen or air. It is preferred 
As the molecular oxygen-conta.n.ng gas th « re ^ ay SU '™ * U njtrogen . lt is preferred to pre-mix the 
to use oxygen, optional.y diluted w.th an -nert gas for exam pte nu g Additionally, other 

oxygen-containing gas ^^^^T^^ design. Examples of other suitable 
feed components may be included if so aes.reoiu h dioxide and water, 

feed components include methane ^^^^Zt'^^o^ oxygen-containing gas 
The preferred composition of the gaseous paraffin c nya o ^ ete combust ,on 

mixture is'from 5.0 to MJnj. ^™ commercial reactors would 

' t^SSES^ fue , rich limit of flammability is 

A catalyst capable of supporting com n b ^ and mixtures thereof, for example 

employed. Suitable catalysts compr.se supported platmum ' 9™P ™ used it is pre{erre d to use 

supported platinum or palladium. Although %^ e ^eT^tToi spheres or other granular shapes, 
o an alumina as the support. The support mater ,a< may be P ^ stmctures> 

but is preferably in the form of a ™ n *" 

frequently of a honeycomb appearance. They are ; c ^ me ^ aa J ferred form of a | u mina-supported platmum 
used as catalytic converters in automob.te exhausts. Q{ supported platinum catalyst is a 
catalyst is platinum/gamma-alum.na spheres. A more preier e 
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platinum/monolith, for example a platinum/cordierite or mullite monolith. Cordierite has a material composi- 
tion of 2 Mg0.2AI 2 0 3 .5Si02 whilst mullite has a material composition of 3AI 2 0 3 2Si0 2 The catalyst may 
suitably be prepared by impregnating the support with a solution of a soluble compound of the platinum 
group metal. Using a monolith catalyst this may suitably be achieved by soaking the monolith in a solution 

5 of a soluble compound, for example a salt, of the metal, removing the monolith from the solution and 
drying, typically at about 120* C. Using the simple soaking method it is difficult to achieve high, i.e. greater 
than about 0.15% metal loadings. Although such a metal loading is adequate for the performance of the 
invention, in certain circumstances higher loadings may be desirable. A higher loading may be achieved by 
wash coating the monolith prior to immersion in the solution of the catalytic metal compound with a 

io material, for example alumina, capable of facilitating the retention of the metal compound. A combustion 
catalyst in the form of a metallic gauze such as Pt/Rh may also be employed. 

The catalyst in the form of spheres may be used as a solids recirculating bed. for example a fluid bed 
or a spouted bed. 

. A process for producing synthesis gas, i.e. carbon monoxide/hydrogen mixtures, from a reaction 

75 mixture comprising a saturated hydrocarbon and an oxygen-containing gas in a spouted bed, the bed 
comprising material which is catalytically active for steam reforming reactions, is described in our 
copending EP-A-01 64864. The process described in EP-A-01 64864. which is incorporated by reference 
herein, may be modified by the use of a catalyst capable of supporting combustion beyond the normal fuel 
rich limit of flammability, for example a supported platinum group metal(s) as hereinbefore described, 

20 instead of the steam reforming catalyst and the conditions modified in accordance with the process of the 
present invention to produce a mono-olefin as the principal product of the process. In a preferred 
embodiment of the modified process of EP-A-01 64864, hydrogen is co-fed to the process as described in 
our copending EP-A-01 78853 which is also incorporated by reference herein. 

It is preferred to use the catalyst in a fixed bed. One reason for this preference is that it largely avoids 

25 the attrition problems generally encountered in moving bed operations. In the context of fixed bed operation 
it is further preferred to use a monolith catalyst. Monolith catalysts are preferred over other forms of fixed 
bed catalyst because (1) they are capable of sustaining a very low pressure drop along the bed, thereby 
allowing large gas throughputs, (2) they present a high surface area to the gaseous combustion mixture. (3) 
they are particularly free from attrition problems, (4) they can result in very low levels of soot formation and 

30 as a result require iess frequent de-coking and (5) they are available in various ceii sizes and shapes and 
their preparation by the soaking technique is relatively simple. 

The elevated temperature employed in the process of the invention may suitably be in the range from 
500 to 1200° C, though temperatures in the upper part of this range, for example 800 to 1000* C are 
preferred. 

35 It is preferred but not essential to co-feed hydrogen gas. By so-doing the yields of and selectivities to 

desirable products can be improved. It is also preferred but not essential to preheat the feed gas, a suitable 
temperature being in the range 300 to 500* C. 

In a preferred embodiment the present invention provides a process for the production of ethylene from 
ethane which process comprises contacting a mixture comprising ethane and oxygen in an ethane to 
40 oxygen molar ratio of 1.7 to 2.1 with a platinurn- or palladium-containing monolith fixed bed catalyst. 

In addition to ethylene, small amounts of higher olefins, acetylenes, aromatics and carbon oxides, i.e. 
carbon monoxide and carbon dioxide are co-produced. 

The process of the invention will now be further illustrated by reference to the following Examples. 

Example A - Preparation of Pt/cordierite monolith 

A cordierite monolith (ex CORNING) was soaked in a solution of [(NH 3 )* Pt]CI 2 .H 2 0. After 2 weeks the Pt 
impregnated monolith was removed from the solution, allowed to drain and dried in air at 120°C. The 
so platinum loading, as determined by X-ray Fluorescence Spectroscopy was about 0.1% w/w. 

Example 1 

55 The Pt-Ioaded monolith (approximately 38 mm diameter x 51 mm length) was placed at the bottom of a 

quartz, 51 mm diameter, reactor with a baffle placed beneath it. The baffle ensured that the incoming flow 
of feed gas became evenly distributed through all cells in the monolith. Ethane, oxygen, hydrogen and 
nitrogen were preheat of the feed gases was required to effect autothermal operation, substantial heat 
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generation being provided by the highly exothermic combustion of hydrogen/oxygen. Details of the molar 
proportions of the feed, the flow rates and the results obtained are g.ven in Table 1. 

TABLE 1 



70 



75 



Total 
Flow 
r.l min~' 


C2H5/O2 


H2/O2 


N2/O2 


Maximum 
Temperature 
(°C) 


Conversion 
(% mol) 


Selectivity (% C mol) 


C2 Ha 


C 2 H 2 




CO 


CO2 


c 3 /c< 


C s H e 


16.0 


1.99 


1.86 


0.65 


841 


70.0 


72.3 


0.4 


8.3 


13.7 


1.1 


3.7 


0.4 


27.7 


1.90 


1.86 


0.72 




72.2 


72.8 


0.5 


8.3 


14.0 


1.0 


3.1 


0.3 


36.8 


1.82 


1.88 


0.63 


855 


79.8 


70.0 


0.9 


9.3 


15.2 


0.9 


3.2 


0.5 



20 



25 



Example 2 

,nto a 51 mm diameter quartz reactor was placed a catalyst in the form of previously ca.cined 
=>taamma-alumina spheres (2 mm diameter), supported on a coarse silica smtered d.sc. 
" 5 eThTne hydrogen, oxygen and nitrogen were passed over the catalyst in the molar propo^on* and 
under Te conditions shown in Table 2. A,so tabulated in Table 2 are the expenmenta. results. No soot 
formation was observed. 
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Example 3 

.n the following example, 0.5% Pt/Pd loaded alumina spheres (1.7 mm diameter) were placed into a 
ouartz reactor (25 mm diameter). The catalyst was supported on a course s.hca s.ntered d sc. 
" ^e ^^ pi^c feedstock, ethane, propane or butane, or mixtures thereof, was 
oxygen and nitrogen over the catalyst in the proportons and under the cond.t.ons shown ,n the fo.lowmg 
r^hiP^ f3-4> Methane and hydrogen were also co-fed in some experiments. 

The ftab.es Use show the expenmenta. results, in which selectivities have been calculated on a soot free 
basis. Minimal soot formation was observed. 



-to 



Example 4 

In -he follo»ino example, the monolitn or gauae «a 5 placed in a quartz reacior (25 mm diameter) and 
'"ST T^Cflen SSSSS ~ ca-.ed ~a me ea.alya, in M molar proportions and 

basis. No soot formation was observed. 
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Claims 



1 A process for the production of a mono-olefin from a gaseous paraffinic hydrocarbon having at east 
two carbon atoms or a mixture thereof which process comprises partially combusting a m.xture of the 
hydrocarbon or hydrocarbons and a molecular oxygen-containing gas in contact with a catalyst capable of 
=uDporting combustion beyond the normal fuel rich limit of flammability. 

2. A process according to claim 1 wherein the catalyst is a supported platinum group metal or a m.xture 

lh6r 3° A process according to either claim 1 or claim 2 wherein the platinum group metal is either platinum 
or palladium. 
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4. A process according to either claim 2 or claim3 wherein the support is an alumina 

5. A process according to claim 2 wherein the support is a monolith. 

6. A process according to claim 2 wherein the catalyst is platinum/gamma-alumina spheres. 

7. A process according to claim 2 wherein the catalyst is platinum/cordierite monolith. 

8. A process according to claim 5 wherein the catalyst is platinum/mullite monolith. 

9. A process according to claim 1 wherein the catalyst is a metallic gauze containing a platinum group 
metal. 

10. A process according to claim 1 wherein the gaseous paraffinic hydrocarbon is ethane, propane, 
butane or a mixture thereof. 

11. A process according to claim 10 wherein the molecular oxygen-containing gas is oxygen. 

12. A process according to claim 11 wherein the composition of the gaseous paraffinic hydrocarbon(s)- 
/molecular oxygen-containing gas mixture is from 5.0 to 9.0 times the stoichiometric ratio of hydrocarbon to 
oxygen for complete combustion to carbon dioxide and water. 

13. A process according to claim 1 wherein hydrogen is co-fed. 

14. A process according to claim 1 wherein the catalyst is in the form of a fixed bed. 

15. A process according to claim 1 wherein the mixture is partially combusted at a temperature in the 
range from 500 to 1200* C. 

16. A process according to claim 15 wherein the temperature is in the range from 800 to 1000° C. 

17. A process for the production of ethylene from ethane which process comprises contacting a mixture 
comprising ethane and oxygen in an ethane to oxygen molar ratio of 1.7 to 2.1 with a platinum -or 
palladium-containing monolith fixed bed catalyst. 
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© A process for the production of mono-olefins by the catalytic oxidative dehydrogenation of 
gaseous paraffinic hydrocarbons having two or more carbon atoms. 

© A process for preparing mono-olefins by cata- 
lytic oxidative dehydrogenation of eg ethane, pro- 
pane or butanes is provided. The process employs a 
catalyst which is capable of supporting combustion 
beyond the normal fuel rich limit of flammability. 
Preferred catalysts are platinum group metals sup- 
ported on a monolith eg platinum. 
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